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Outline

Large bubbles

— Local Bubble -- Spoiler: Solar Wind Charge Exchange
— Sco-Cen Bubble (Loop I)

Supernova Remnants (see later talks)
Galactic halo
Galactic Ridge and Bulge (see later talks)



1/4 keV (R12)__
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Historical View
of Local Bubble:

Soft X-rays observed from all
directions, anti-correlated with Ny
hence Local Bubble (LB) (Wisconsin

All Sky Survey, SAS 3, HEAO 1, ROSAT,
also XMM, Chandra, Suzaku)
ROSAT images reveal shadows,
confirms local X-ray emission

LB stronger in 1/4 keV than 3/4 keV
(ex: ratio > 15, Snowden,
McCammon, & Verter (1993) in
MBM 12 direction)

LB mapped via shadowing analyses
(Snowden et al. 1998, Kuntz &
Snowden 2000),

Temperature: if CIE, then

T~ 105K, P~ 15,000 K/cm?
Radius: 50 to 120 pc, depending on
direction (Snowden et al. 1998)



But, Solar Activity Also Makes Local Diffuse X-Rays

* Solar wind 1ons charge exchange with neutral gas
(ex: O™ + H or He -> O " + H* or He*), then de-excite
and radiate X-ray photons .. contaminate observations

e Solar activity level 1s cyclic

e The ROSAT All Sky Survey and the XMM and Chandra
LB observations were taken during solar maximum

 Present time = solar minimum, thus current Suzaku
observations see minimal solar effects
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Nomalized counts & kev'!

(Data-Model)is

Solar Wind Charge Exchange

Bast fit model for the "stable” spectrum
0.05 additional power-law component during Ihe “fAlare"
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Suzaku Spectrum (Fujimoto, et al. 2007)
357eV: CVI2pto s
455eV: CVIdpto 1s
558 eV: O VII (561 eV)
649 eV: O VIII (2p to 1s (653 V)
796 eV: Fe XVII, XVIII L and O VIII 3p to 1s
882 eV: Fe XVII, XVIII L + Ne IX+ O VIII 6p to 1s
1022 eV: Ne X
1356 eV: Mg XI

SWCXflare correlated with ACE
observations of proton flux

Emission thought to be geocoronal
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of SWCX Event
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XMM and Suzaku observed

same directions 4 years apart

ACE showed no anomalies
during the XMM observation,
but XMM saw much more X-
ray emission than Suzaku
(Henley & Shelton, 2007)

. SWCX can be uncorrelated
with ACE diagnostics =>

heliospheric “density
enhancements”




Density Enhancements - Coronal
Mass Ejections

e (Cause:

— perhaps density
enhancements (Coronal
Mass Ejections) that create
X-rays but need not
intersect ACE satellite

— Coronal Mass Ejections
(Koutroumpa, et al. 2007)

e Thus, there can be non-
quiescent heliospheric

SWCX, too
e How much? XMM event

O VII: 4t07 ph/s/cmz/sr
OVIIL 1to5 ph/s/cmz/sr




Also Steady Heliospheric SWCX

e Robertson, Cravens & Snowden (2003), Koutroumpa,
et al. (2007), and Henley & Shelton (2007) calculated
steady heliospheric SWCX

* Directional dependence assoc. with activity on Sun’s
surface

latitude

L oo Robertson, Cravens,

s e and Snowden (2003)

£ Predictions for SWCX seen by
2 o ROSAT All Sky Survey




How Can We Make Progress on
SWCX?

Geocoronal:

Fujimoto et al e Active area! See 3 posters

e Observations: examine
geocoronal vs heliospheric vs
Coronal Mass Ejection

SWCX
e Continue work on theoretical
R SWCX estimates
Reblo:tp erg' C — improved atomic physics in the
O TR sk wap 1/4 keV band

90
— uncertainty estimates

— spectral temperature of the
SWCX
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SWCX Does Not Negate the
Local Bubble

e 1/4 keV: Robertson & Cravens
(2003) model explains ~50% of
1/4 keV emission found in Gal.
plane and ~25% of emission at
high latitudes

e Significant 1/4 keV emission
remains after SWCX subtraction

e Qther reasons to believe in LLB:

— O VI column density cannot be
explained by SWCX

— A cavity in the cool gas distribution
R o surrounds the Solar neighborhood,;
S — 0 = e the space must be filled by some

longitude

Robertson, Cravens, & Snowden (2003) ph ase Of th e I SM
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I.ocal Bubble Observations

*Use shadowing technique to
distinguish Local Bubble from
Galactic halo

Local Bubble

Absorbing cloud
“shadows”
halo

halo (in southern
hemisphere)




Suzaku Shadowing Observations
of the Local Bubble

Suzaku => taken solar minimum
observations

MBM 12 (Smith et al. 2007)

O VII: 334+0.261.u.-3.51.u.
(SWCX, Koutroumpa)

OVIII:024+£0.11u.-051.u.
(SWCX, Koutroumpa)

Southern filament (Henley &
Shelton 2007)

Log(T; 5) = 5.98(+0.03,-0.04)

OVII: 1.1(+1.1,-14)1.u.-0.81.u.
(SWCX, Koutroumpa)

OVIII: 1.1x1.11.u.-0.11.u.
(SWCX, Koutroumpa)




Another Large Bubble: Loop I,
North Polar Spur

1/4 keV (R J}"L’ﬂ e

e Suzaku observation (Miller et al. 2007)

e Unusual metal abundances, elevated nitrogen

— Suggests region was enriched by AGB stars

— Enrichment is not related to bubble, because AGB stars
are too old



Hot Gas in the Halo / Thick Disk

* Height = above disk H I layer

— shadows distinguish LB from
halo

e Turn of the century picture:

— “halo” emits 1/4 keV and
3/4 keV X-rays

— 2 Tmodel (Iand3 x 10°K),
Kuntz & Snowden (2001)
— ROSAT maps show 1/4 keV 915V R
distribution is lumpy, but 3/4
keV emission 1s smooth (aside
from Loop I) so expect 2
components

b) 3/4 keV (R45




Chandra, XMM, Suzaku Era

Yao & Wang, 2007, Chandra Lei, et al. in prep

e —

== 5 6

T log[T(K)]

e Observe O VII and O VIII features, spectra

e Combine with C IV and O VI data to span
wider temperature range

e (Consider new models:
— non-equilibrium

(have not found significant signs of
disequilibrium)



Power Law Emission Measure
Models

o d(n,2dly/d(logT) o< T

e 72 versions
First version:
* Yao & Wang (2007)

e modeled O VI (abs), O VII & O VIII (abs + emiss)
together

e Mrk 421 and 1~ 90°, b~61°
e Founda=1.2



Power LLaw Emission Measure Models

* d(n,2dl)/d(logT) < T continued Ty
e second version: 05| :
— Lei, Shelton, & Henley (in 5
preparation), :
— used O VI (abs & emiss), E

ROSAT 1/4 keV, and Suzaku
spectrum (covered O VII &
O VIII)

— Southern Filament shadowing 15 s '575'10;('”' TEE T
analysis (1=279°,b=-47°)

— Required 2 components

— Found o= 0.4, and Ay = 2

— Explains differing 1/4 keV and
3/4 keV distributions




Conclusions

Solar wind charge exchange X-rays observed:
— Some flairs are correlated with ACE proton flux
— Some flairs are not (maybe line of sight enhancements)

— Complicate observations of the Local Bubble but do not
negate the Local Bubble

Local Bubble observations: Temperature near
previous estimate, O VII and O VIII measured

North Polar Spur observations: generally agree
with previous results, but find enhanced nitrogen

Halo: replaced 1 and 2 T models with power law
models. Source of 3/4 keV emission differs from
source of 1/4 keV emission



Supplemental



FUSE Shadowing
Observations

e Not unusual part of southern halo
e On-filament:
1=278.6,b=-453
E(B-V) =0.17 £ 0.5 magnitudes
(Penprase et al. 1998)
IRAS 100 um => 7.3 MJy sr’!
(Schlegel et al 1998)
Filament blocks 89 (+5,-11)%
of 1032, 1038 A photons
| « Off-filament:
1=278.7,b=-47.1
Ny =0.5t02.0 x 10 cm™

(Lallement et al. 2003, Kalberla et al.
2005, Schlegel et al. 1998)

Transmits 59% to 88%
of 1032, 1038 A photons




Halo’s Emission Measure Function

Broken Power-law DEM Model
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e Tracers over broad range of temperatures
10° K: CIV (SPEAR)
3 x 10° K: O VI (FUSE)

2 x 109K,3 x 100 K: O VII and O VIII (Suzaku, XMM, Chandra)

e Spectral Fitting

* Power laws explain obs better than 1 or 2 temperature models

— Yao & Wang (2007), toward Mrk 421 (Chandra)
Lei, Shelton, & Henley (in preparation), near Southern Filament (Suzaku)



How Can We Make Progress, continued

6 1 1
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Shelton (1999) © Wil (Ly alpha) / O VIl {r+i)

Test for SWCX; Search for clever solar
system observing strategies

Pursue high spectral resolution
observations, but with note that spectral
signature of recombining SW could look
similar to recombining gas in the LB

— Ex: O VII forbidden to recombination +
intercombination ratio



History: Local Cavity .. =.

Na I data implies cavity in
neutral material

Size: r ~ 65 to ~250pc L AR
Note possible chimney

Early hints: [ CMa Tunnel
- Gry et al. 1985,

Recent surveys: Welsh et al,
1998, Sfeir et al. 1999,
Lallement at al. 2003

-300 Lallement et al. (2003)



History: O VI

0™ Column Density (em™)
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Effective Distance [Ln pe), assuming & 3000 pe scale height

Fr. 3 —5ame as Fig. 2 but with a 3000 pe scale height
Shelton & Cox (1994) from Jenkins (1978)

* O VI found in Copernicus survey
— O VI column density found on nearby sightlines (Jenkins 1978)
— Offset in straight line fit to column density vs distance data (*)
— Statistical analysis found O VI in LB to be probable (N, ~ 1.6 x 1013 cm?,
Shelton & Cox 1994)
* O VI column density found in FUSE surveys of nearby stars
— Oegerle et al. 2005  (Ngy; ~ 0.7 x 10'3 cm™ per 100 pc)

— Savage & Lehner 2006 (N, ~ 1.1 x 101% cm™ per 100 pc, local ny; is
higher than disk average)



History: Suggestion that the LB
isn’t Hot

Re-examine CIE assumption

Ex: hot gas bubble “breaks out”
of birth cloud I::alill’f[-r;l-:m’flfﬁu o binedatza
— Rapidly adiabatically expands & st b Sk i
— GQas cools faster than ions recombine _,, [ '{"'i. T = 100K (CIF)
— Very high ions -> X-rays '
— Fig: Breitschwerdt 2001

EXpeCt O VI Wlthln LB -FEEF T = 4.2x10" K (adiabatically cooled) : T _,_:_
~ 14 2 ettt
N NOVI = 2.7x 10%/cm G 'la:':feuglh in A s

— Iy = 1900 ph/s/cm?/sr

— (My estimates from Breitschwerdt
model)



History: Simulations

e Single SNRs simulated,
but provided too little
energy to explain 1/4 keV

e Multiple SNRs simulated

— Our region of Galaxy,
assuming realistic IMF.
The Local Bubble after 20
SN have exploded =
(fig: Avillez 2003)

— Non CIE simulations of
bubble blown by 2 to 3 SN

* Noy=0.8-28x
1013/cm? (corrected)

* Tovi loym = few to
several ph/s/cm?/sr

e (ref: Smith & Cox 2001)
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Multiple SNR explanati
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Solar Wind Charge Exchange
(SWCX)

e Solar wind 10ns receive electrons from neutrals

O’ + H or He -> O %" + H* or He*
Variation with solar cycle
Coronal mass ejections add to intensity

e X-ray emission:

Heliospheric contribution >> geocoronal contribution
Non isotropic
Varies on long and short time scales, can not forecast

1/4 keV: Robertson & Cravens (2003) model explains ~50% of 1/4 keV
emission found in Gal. plane and ~25% of emission at high latitudes

3/4 keV (O VII and O VIII) Koutroumpa et al (2007) model can explain all
the local O VII and O VIII on MBM 12 and filament sight lines, but with
unknown error bars

Do not expect O VI intensity or ions



Considering a Diminished Hot LB

* Suppose part (1/2) of the X-rays are SWCX and part
(1/2) are hot LB, what are the consequences?

e Weaker hot LB

— Reduces density by ~ 1//2, assuming unchanged LB radius
and temperature
* reduces pressure to more reasonable value

— Decreases estimated energy of the LB
* Need less explosion energy -> fewer SNRs
* Perhaps a single SNR could be viable

— Could change LB temperature, depending on SWCX spectra
— O VI column density unaffected

— Lowers the X-ray to O VI ratio

* Re-opens the door to the break-out model
* Evaporating clouds modeling could be unaffected by changes inn_, T



History: Local Interstellar Cloud

Known in 1980’s (i.e. Frisch &
York 1983)

Size = few parsecs
T ~ 8000 K -- far cooler than LB
Expect O VI-rich interface region

— Ny =0.7to 1.4 x 1053/cm?

~ 2

— Ref: Slavin 1989 1 f:‘f—‘:::m
Local Cloud 1s one of many v I e \
clouds within LB (example: 6 on 81 At Pl N
e¢CMa line of sight, Gry et al 1995) % b % . ﬂ e,
(Figs: Schwarzchild 2000, after Galaci 0 p?
Colorado group. Cloud flowing past T 4, G
Sun, away from Sco-Cen association) 6 g % 0

DISTANCE  [parsces)



Conclusions

The Local Bubble may be weaker than
previously thought

This solves some problems (ex: excess
pressure)

It would be difficult to explain all
observations if there were no Local Bubble

However, solar wind charge exchange
emission contaminates X-ray observations



1/4 keV X-ray Maps

Left: Soft X-ray Background: Snowden et al. (1997)
Right: 1/4 keV Local component: Snowden et al. (1998)

a) 1/4 keV (R12)__ ==

R1+R2 BAND 10 INTENSITY

b) 3/4 keV (R45) s

c) 1.5 keV (R67




[Local O VI Column Densities

TABLE | TABLE 7
SuMMARY OF THE OBSERVATIONAL DaTA LISM O vi anp O 1 CoLumn DensITiES
1 b d Tew [N VLISM d log N(O vi) log N(O 1)
‘WD Name Other Name (deg) (deg) (pc) (K) Type (kms~h (kms~h References WD Name (pe) (em™%) (em™?)

WD 0004+330.... GD 2 11248 —28.69 97 49360 DAL NM +0.1 al WD 00044330 c.ooovvvcersroones 97 12.79 £ 0.09 16.35 £ 0.15
WD 0027636 .. MCT 0027—6341 30698  —53.55 238 63724 DA (+30.2) +0.6) b, 2 WD 0455282 . 102 13.42 + 0.07 14.91:
WO e (DGSLBAomEm e ows s s WD usigss oo ao gy

-+002 L —61. —18.1, +33. ) . By op+0-10
WD 01474674 ... GD 421 128.58 +5.44 99 30210 DA NM (—9.6) b, 2 % %};jg; 23 };53 i g(ﬂ }2;2;82"
WD 0416+402 ... 160.20 —6.95 228 35227 DA (+79.1) (~2.3, +19.6) 2,2 WD 12112332 15 15 354017 1574 f—(l)ﬁos
WD 0455282 MCT 04552812 22929 -36.17 102 57200 DAL +69.6 +14.0 a1 WD 1;3 1 MSI 129 1;9"1 ;06808 15631008
WD 0549+158 ... GD 71 192.03 —-5.34 49 32750 DALS NM +23.2 al WD 1;54”,3 87 15.10 t 005 14';513;376
WD 0603483 .. 255.78  -27.36 178 35332 DA: (+41.0) (=393, +15.3) 2,2 -2t - . 232005
WD 0715-703 .. 281.62  —23.50 94 43600 DA NM (~9.0) a2 WD 13144293 68 1294006 14.51£003
WD 0802+413 179.22 +30.94 230 45394 DA (+58.5)  (+15.3, +70.7) b, 2 WD 1528+487. 140 13.27+£006 1580 + 0.08
WD 0809728 .. 285.82 —20.42 121 30585 DA NM (—4.1) c2 WD 1615-154 35 <12.94 1578240
WD 0830-535 .. 27001 —8.27 82 30500 DA NM (+9.2) ¢ WD 16314781 67 12524513 15.90 + 0.09
WD 0937+505 ... 166,90  +47.12 218 36200 DA NM (=5.1) b2 WD 1634573 .... 37 13.04 + 0.06 15.51 + 0.03
WD 1017-138 . 25574 +34.53 90 32000 DA NM (-75) a2 WD 1636+351 . 109 12957333 1571555
WD 1041+580 ... PG 10414580 150.12  +52.17 93 30800 DA NM (~10.1) 2,2 WD 1800+685 . . 159 12.96 + 0.07 16124013
WD 11004716 ... 13448 +42.92 141 43000 DA NM (—14.8) b, 2 WD 1844223 . 62 <12.84 15.97 £ 0.08
WD 12114332 HZ 21 175.03  +80.02 115 +35 53000 DO2 (+14.8) —~18.0 doe 2,1 WD 2004605 58 13.00 + 0.10 15.65 + 0,08
WD 12344481 ... 129.81  +69.01 129 56400 DAl NM —289 a1 WD 2124-224 224 13.07 £ 0.11 15.94 + 0.03
WD 12544223 ... GD 153 31726 +84.75 67 38686 DALS NM —50 a, 4 WD 23094105 79 <12.53 15.67 + 0.04
WD 13144293 HZ 43 5410 +84.16 68 £ 13 50560 DAl NM —6.8 fg 4
WD 13354700 117.30 +46.80 104 30289 DA NM (—24.5) b, 2 Nores.—The O vi column densities are from the AOD values listed in
WD 1440+751 HS 144047518 114.10 +40.12 98 42400 DA: NM (—18.1) a, 2 Table 3 for WDs with no evidence of stellar contamination. The limits are 2 o.
WD 1528+487 ... 7887 45272 140 47600 DALl (+48.6) (—85.0, —21.6) a,2 The O 1 column densities are from Lehner et al. (2003) and references therein,
WD 16034432 ... PG 1603+432 68.23 +47.95 114 35075 DA NM (—26.2) b, 2 except toward WD 12544223, which is from Oliveira et al. (2005). See Table 1
WD 1615-154 .. EGGR 118 35879  +24.18 55 29732 DA1S NM —38.2 fh, 1 for distance references.
WD 16204647 ... 96.61  +40.16 174 30184 DA NM (=36.7) b, 2
WD 16314781 ... 1ES 1631+78.1 11129 +33.58 67 44560  DAl+dMe NM —11.8 a1
WD 1634-573 . HD 149499 B 329.88 ~7.02 3743 49500  DO+KOV +0.6 —~19.6 h,i, 5
WD 1636+351 ... 5698  +41.40 109 37200 DA NM (—12.5) 2,2
WD 1648+407 ... 64.64  +39.60 200 38800 DA: NM (—27.2) 2,2
WD 1800+685 9873  +29.78 159 46000 DAL NM —159 a1
WD 1844223 ., 12.50 —9.25 62 31600 DAl NM (—41.1) a2
WD 1845+683 98.84  +25.65 125 37400 DA NM (—18.1) a2
WD 19174595 ... HS 191745954 91.02  +20.04 111 33000 DA (+12.2) (—24.2) b, 2
WD 19424499 ... 83.08  +12.75 104 34400 DA: (—8.0) (=36.4) b, 2 [ Left: S avage & Lehrner (2006)
WD 1950432 35649  —28.95 140 41339 DA (+40:) (=7.5) b, 2
WD 2000-561 .. MCT 20005611 34178 -32.25 198 47229 DA (—15.4) (—24.2) b, 2
WD 2004-605 . 33658  —32.86 58 44200 DAl NM —28.0 a1 Sample
WD 2014575 .. RE J2018-572 34020  —34.25 51 27700 DA NM (—34.4) ¢, 2 .
WD 2111+498 GD 394 9137 +L13 50 37360 DALS +289 -62 a1 L4 Rl ght Savage & Lehrner O VI
WD 2116+736 RE I2116+735 109.39  +16.93 177 54680 DA NM (—18.0) b2 . s .
WD 2124224 . 2681  —43.19 24 49800 DA +29.5 —14.8 i3
WD 2146433 .. BPS CS 22951-0067  356.97  —49.44 362 67912 (+27.0) (=77 b, 2 deteCtlonS Wlth no eVldenCC Of Stellar
WD 2309+105 GD 246 87.26  —45.11 79 58700 DAl —129 -79 a1 1 . . . .
WD 2321549 .. RE 12324—54 32691  —5821 192 45860 DA: (+9.9) (=11.1) b, 2 Contamlnat10n7 thlS table 1S the SUbSCt

Rererences.—The distance and temperature of the WDs are from (a) Vennes et al. 1997; (b) J. Dupuis et al. 2006, in preparation; (¢) Vennes et al. 1997; that aISO haS O I data.
(d) Perryman et al. 1997: (e) Dreizler & Werner 1996; (f ) Finley et al. 1997: (g) van Altena et al. 1995; (h) Napiwotzki et al. 1995: (i) Holberg et al. 1998; (j) Vennes
et al. 1998. Distances with errors are from parallax measurements, others are photometric distances. The stellar (v, ) and LISM (v jgp ) heliocentric velocities are from
(1) IUE (Holberg et al. 1998), (2) FUSE (this work); (3) HST/STIS (Bannister et al. 2003); (4) HST/STIS (Redfield & Linksy 2004), (5) HST/GHRS (Wood et al.
2002). For IUE and HST the error on the absolute heliocentic velocity is <3 km s~!: for FUSE the error on the absolute velocity is unknown and the values are therefore
listed inside parentheses. *“NM’” stands for no metal detected in the FUSE bandpass.



More O VI Column Densities
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SUMPARY OF TAAGETS AND CRSESVATIONS

© ¥l RESILTS

1o2ak
v GALRCTIE w06 Lo5 _
WAME  SPECTRAL TYPE 1 v INT  ADTATION n f A
53 ¢ Cas BO.5 Tved M: E: 3 i =12.30 S -
ace T b 565 <1360 . . .
1503 aa 4 e Y A
16607 28 kS = e I .
162.3 23 s o3 cees amE --- -
b 1 i BT L EEE
nl (it a4 . ---—- -
2 ! 2n8.8 5.6 . 5. 539 - - - York {1974] - -
e a3 -3 - JEM - - -
4.1 4.3 0.08 336 -15.1 -11 El 1385 55 s 2 .
o010 4% 005 ¥E 28 3 a 12058 13 s 172
II sB 03,9 #.2 007 138 -0.2 -, 5 131.74 1570 an - i
Foa.m 84 006 1E1 43 3 a 13l5z80 s 3.0 273
E R P i s maz s it a L Tan I
3083 2o 8 2.8 0,07 122 -8.5 & s L] - -
2082 1.7 7.7 5. 131 9.6 146
2098 6.0 0.0F 260 8.0 7 azy 23.2 o
206.5 1.9% 0.09 6.0 &, 279 P
a7 NI XTI -4% 10 61 [T
20 ogwr @ 1.8 1.8 80 axz EM - - -
4.8 9,18 131 3.7 2.4 2.8 B e L
55 417 0 gla &8 -100 aiza &3 S .
48 9l0d B0 125 -4 38 ER) Er iala aig
55 aws @it sal7 Nl ¥aa a7 -1ln aik
o ansss 6.1 0.1z 30 -39 7.8 1.8 1223 [EEN ey 15
5 Hon e.& poa? 186 A0 .7 0.5 13.50 &M - JEn -
HD 51283 53 008 paa 1mls s [EN T 54511 . - .
& Wi 53073 5.0 0.0E 3 1.1 6.6 76 13,08 202 [ENT] 512 ain
0.7 13 -5.7 B8 m.9 13,08 sro B asm - -
4.4 0.5 120 217 B2 1% 1182 508 P Y. B
HO S397H 5.6 O.16 286 20,0 . 2.6 13.97 ﬂaa, - 23.3 76
4740 4.6 0,03 78 -9.7 .. 1.2 13.28 sazht 13.08 =156 AFS
HD S3760 4.2 o180 253 2.9 ‘e 6.2 140817 g2 14,13 15.0 BES.
up 7.3 O.06 185 -42.0 -16.0 38 51 - JEM - - - -
73 47 Nel A o4 ... -5 -&0 1.9 13,85 28 -—--- JEM - e e
#1301 a Leo 103 olm Ma -zl L0 a2 <130 o - AWM -
#1316 Lo L] .8 0068 69 .7 137 1.8 1320 a13 - == JEM - -
23421 MO 93521 &.9 0O.10 303 -14.6 -9 1.3 138618 529 1394 =20.0 as4
TO4 33T HD1D4337 5.3 0.08 138 -2.2 -10.0 2.7 1318 28 1380 =3.1 238
1068 .8 0.0 e 1.e 2.0 1272 199 12.52 53,9
%4 o3 im 5 -20.1 1388 343 .
1.0 D.03 19E 4.5 -0.% RERELLS 180 = = = York (1974} - - -
s olor s g 3@ 13507 5
15 ooz ele 1% 01 NENT o
2.5 008 191 65 -1.a
1.8 0,02 118 w0 . -¥.6 58
0.6 @08 161 -13.1 . =2.1 TEQ
2l7 ol 130 30 ] E32
5.4 0.23 1M 1.6 -04 1T 463
1.2 .03 235 40 -z.a 263
2 glom foo sk iy 299
3a -0lol 42 6.4 Sila 200
i sco 7.3 018 a7 a3 Sl 113
ol Sasst BE 02 .. mD 1w 15ais
n)lsﬂsﬁ! &6 O.18 W8 -56.7 -2.0 -3.8 418
o 3.0 D05 FI6 =18.3 -1.9 34317
-lJIESbJIs T 55 0.} I 3.3 1w 32 68
! 1 33 De w3 .23 o528 B4 1
a Scn 1. 0.0 W 4.7 6.6 -0.7 260
3.7 008 1M &9 -6.8 Ly
2z oo =iz ovam Ei -as 630
2.1 0.9 2} -2.6 -13.0 0.4 .
963 - 5.4 0.z2 33 0.1 kg 6.2 1 1006
12a81s BU.% flin 3e 50 0l 276 -4 3.3 9.4 8 200
125994 B2 1w 78. 7.3 oo 128 ams . 5.3 13.00 10.1 9313
200120 5 3 5 rz2nn AR 4.8 0.16 &50 16.9 -5.0 o.2 e 2.5 9
] &7 sl oloe 3w 53 15 0.8 [ES T
2059 I\' 0. 1.7 -0.02 290 10.0 . 0.1 w1z 87
’llMﬂ L= B\ Ih! a4 €.7 0.05 EN H.& 4.7 1348 2.3 L
214168 5 Lac & B1 wel 5. 57 0.2 M8 0.6 -0.5 -1 13,55 -1 e
219128 =DZ19182 BO.% [1-ICL(n)? =3 €9 0,02 1ss S2.9 -2.7 0. 187010 .62 ot
! Rumerous refersnces cited in § M= og1 from Morton [1978). 11 The tracisg af the otner HO feature at 1020 K
dmazhek, ot 21, (1354} ta of poor quel i arrection far
T oM, e -6 Troe Hasbury Broe. HD absorpeion 13 ohcertaie
Less ang Atzerman (1575
. B From Hersicos-Fvasi. et al. (1971) 12 Tho scanc far A were not cecorsed,
* Malbeen (1973] Becewse of }eh\lllv n-l'.ﬂci. fons
. alwe of V.77 in Lesh (1968) refers 1o cospond
am = 1.5 from Cester [1988) and B together 19 up atmorpeion seen ar 10 » 3 large et

el anie’ saotraction at lou annot b pee-
farmed mith presentls available data.

teglly o flex fron the star wes seen st
oo Hence so correcticn for W wah mase.

w10 Seow Sepfers (104

L mgrgl lazs,

PO prR, B 05 e 1000 ot
of Pagar 10,

© American Astronomical Society = Provided by the NASA Astrophysics Data System



0 100

-100

0 100

-100

0 100

-100

i R AT | ]
", NGF

, | -

/
NORTH POLAR SPUR
E

[t} 100

=100

Us .

- ERIDAN

— Fi

| R | - PR P | P

0 100

=100

100

T —
L T

™,
i MORTH Pb{.AR SPUR
N,

0 100

-100

Snowden et al. 1998




More supplemental slides



Why Should We Care?

e If there is no hot gas in the LB, and little other gas,
then we have an unexplained hole (the Local
Cavity) in the Galaxy

— (hole should fill in at the speed of sound in the
surrounding medium, which should be observable, also
local clouds should expand at this speed, which should
be observable)

e If the LB does exist, then it 1s our local example of
the population of hot bubbles in galaxies



Before the Local Bubble (was known)

e Early 1970’s: Copernicus UV observations

— Interstellar O VI absorption (Jenkins & Meloy 1974,
Jenkins 1978a)

e Jenkins 1978b developed spatial model
— Based on column density fluctuations
— Regions of O VI-rich gas distributed in Galaxy
e O VItraces ~3 x 10° K (assuming collisional
ionizational equilibrium (CIE))
. Hot gas regions distributed within Galaxy




The S
I.ocal Bubble il
Emerges

IRAS 100 pm

Local (r < 100 pc) region
emits soft (~1/4 keV) X-rays

Name = Local (Hot) Bubble

Temperature: 1if CIE, then
T~10°K, P~ 15,000 K/cm?

tocal aunle - R14+R2 BAND 10 INTENSITY

Obs sources: Wisconsin All Sky |
Survey, SAS 3, HEAO 1, ROSAT, . - . -

hhhh

(XMM, Chandra) el

Figures from Snowden et al. 1997, 1998



Cartoon
Geography:

Local Cavity,
Local Bubble,
and

Embedded Clouds




Copernicus Revisited

e Jenkins’ O VI spatial model revised to include LB
(Shelton & Cox 1994)

e Nig= 1.6x 1013 cm?

(attributed to bubble boundary + interface
with Local Cloud)

* AlSO, Nyiciant features ™ 1arger than in Jenkins 1978b



Recent Observations: O VI Emission

FUSE shadowing observation = _ vt
isolate Local Bubble intensity g
Tight Upper Limit: b: M“?

Iovios) = 800 ph/s/cm?/sr @2‘“4
Much less than expected from : xigt

“breakout’” model

Tightly constrains bubble and T —
evaporating clouds models “‘ |
— minimal number of cloud L o
boundaries, minimal emission per 'z 2«o*; A o
cloud boundary, and very dim 2 o JUWWW
Local Bubble s | "
Ref: Shelton 2003 1025 10 10 10 1o 0% 1040

LSR Wavelength (A)




New Column Densities

FUSE Local ISM Survey:
N;p (r <100 pc) = 7 x 10'?/cm?

Too little O VI for “breakout”
model

See O VI within LB =
interpreted as transition zones
on clouds

Hard to see a wall of O VI at
LB boundary = problem for
hot bubble models T

Ref: Oegerle, Jenkins, Shelton, 0 100 200 300 400
Bowen & Chayer, submitted distance (pc)

GI Obs: Welsh et al. 2002
(Noy; < 101% em?, d = 120 pc, high lat)
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Discussion

What We Don’t See: MWhat We Do See:

Not enough O VIionsor ¢ O VIions inside the LB =
resonance line photons for possibly cloud boundaries,
the “breakout” model lots of them, but wimpy
Don’t see strong LB * LB region has more O VI
boundary = this isn’t than average ISM =

your standard theoretical “rumors of the LB’s
bubble demise have been greatly
Dim emission constrains exaggerated”

net bubble + clouds model



Power LLaw Emission Measure Models

e d(n2dlydT o TP
e 2 versions: o . Broken Pover-law DEM Model
*  Yao & Wang (2007) modeled O VI (abs),
O VII & O VIII (abs + emiss) together,
Mrk 421 and 1~ 90°, b~61°
— Found 3 =0.6
e Lei, Shelton, & Henley (in preparation),
used O VI (abs & emiss), ROSAT 1/4
keV, and Suzaku spectrum (covered O
VII & O VIII) from Southern Filament
shadowing analysis (1 =279°, b=-47°)
— Required 2 components
— Found ({=-0.6,and 5 =-3
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NGC 4631 Galaxy. credit: NASA, CXC, HST, UIT, GSFC, AURA, NSF, D. Wang et al.

Sources of hot gas:

SNRs (other talks)
Superbubbles

Possibly Pervasive Gas

Halo

Alert: solar wind contamination

ROSAT PSPC
Vela & Puppis SNR’s

—69°00°

—69°04

—69°08"

—69°12°

—69°16

Declination (J2000)

—69°20°

—69°24"
2 degrees

—69°28°

osh3om gshigm  gshi7m  gshzgm  gsh3sm
Dennerl, et al. 2001  Right Ascension (J2000)
X-Ray Image from XMM (very hot gas)




How Can We Make Progress on
SWCX?

Galactic Sky Map

uncertainty estimates

A
(6)]
|

" >0 e Continue work on SWCX estimates
5.5 : : ..
o “ % - — 1improved atomic physics in the 1/4
2 0 & keV band
i € 45
* 4.0 B

— spectral temperature of the SWCX
and remaining LB spectra

* Search for LB by making additional

a7, i 5 X-ray shadowing observations in
e e, directions with dim SWCX and

. ';%: ﬁ“% N bright local emission (i.e. high

. E 3 ecliptic latitude, high positive

galactic latitude)
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Total Sky Map

320
£ 0 Predicted Heliospheric
© 280 . .
8 ® e X-Ray Emission as seen
* g 240 From Earth.
5 220 . . .
| % 200 -- 1n galactic coordinates.
180 90 0 -90 -180
(a) longitude
ROSAT 1/4 keV Map Robertson, Cravens,
) . 1400
£ 1200 and Snowden (2003).
& 1000
& 800
5 600 ROSAT SXRB
< 400 .
2 o0 Map is also shown and
o0 N T an approximate
(b) ongitude

(19 b 29
Helio. omp. removed Sllth' action map'
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